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Introduction

As part of tic Navy's high temnerature clectronics
progran, high temperatux~ barricr metallizations werc

asscsscd and tusted for IzL d CMOS applications. Life
tests were accelerated to 375 C in view of the -55°C
+300 C temperature range cstablished for cngtnc—locntcd

¢lectronics without fuel cooling.

The gold-refractory metallizations evaluated were
Au-TiW-PtSi, Au-TiW/Ti0,/TiW-PtSi and Au-TiW(N)-PtSi.

These metallization systems were thermally anncaled to
at least 375 C for up to 250 hours. The critical re-
quircment for stable diffusion barrier is the TiW grain

size. Small gruxn (2508-500%) films were observed to be
stable up to 375 °c. Deposition to TiW diffusion barrier
in the presence of oxygen and nitrogen also rcsults in
an cffective diffusion barrier. Life tests at 340°C up
to 100 hours have been complated.

AES profiles of the PtSi indicates some penctoation
by the TiW. 1n the casc of PtSi/TiW interface, the re-
distribution of oxygen further passivates the system by
forming a Ti02 layer at the interface. Characterization

of IzL devices subjected t. 340°C anncais will also be

presented.

High Tempecrature Mctallizations

The Au-TiW System

Previous investigationsl_3 on the interdiffrsion
and rcliability of Au-refractcry films used in devices
have neglected "substrate” ceffects, It is recognized
that the substrate can be a very active member of dif-
fusion couples which may in many cases accclerate degra-
dation observed in the gold conductor and relractory
barrier.

In assessing the high temperatire reliability of
Au-Ti(W) films for high temperature applications, we
compare the role that 3 different intervening layers con
silicon substrates play in the stability of thesc metal-
lizations. Tresc layers are PtSi, SiO2 and Sijﬂa. Each

of the layers have, on occasion, been incorporated in

MPTS. The 813N“ is used for passivation and the PtSi

layer is used as the ohmic contact.

Table I summarizes the deposition conditions, giv-
ing film thickness, sputter target, substrate tempera-
ture and film characteristics.

TABLE 1

Deposition Conditions for Small Grain Size
TiW Diffusion Barriers

Film Thickness 1200% - 1800%

RF Sputtered Tig 4 Wo,7 Target

Substrate Temperaturc 120%
Resistivity of TiW 77 u Q-cm
Grain Size 250 - 7508

The differences in the Ti(W) reaction with Si, sio2

and PtSi src shown in Figur 1. At 375°C there is no
cnhancement of the di’fusion between Si and Ti(W).
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Figure 1. Diffusion profilesof the TiW diffusion

barrier, (A) Silicon substrate, (B) 810 /8i
substrate, (C) PtSi/Si

is as expacted from the diffusivities of these systems

which is of the order of 10-20 cm/sec. Likewise, the
interdiffusion effects are minimal between siO2 and

Ti(W) at this temperature. However, when the layer is
PtSi, it acts as a source and sink for Silicon atoms
resvlting in the outdiffusion of 8i into the refractory
film. The amount of Si detected in the Ti(W) film is
not sacisfactorily explained from a solid solubility
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argument. These results agree with our previous work
with Ta on Si and PtSi and with Sinha's work with Hsi2

formation on PtSi-Si substrates. The excess silicon in
the TiW will result in a refractory silicile formation
at higher temperatures. Our conclusion, to date, is
that the éu—riw system vith small grain TiW is stable
up to 375 C.

The Oxide/Nitride Assisted Diffusion Barriers

The deposition of TiW in the presence of oxygen
overpressure or nitrogen has been determined to improve
the overall thermal stability of the TiW diffusion bar-

rier. An overpressure of 10.3 Torr of oxygen or nitro-
gen was used in each casc resulting in Titanium nitride

passivation of the TiW grain boundaties.a’s Since the
primary diffusion mechanism at temperatures below 500°C
is grain boundary diffusion, the formation of TiN at

cthe TiW grain boundaries inhibits significant grain
boundaries up to 450°C. The Au-TiW(TiN)-PtSi system
was found to be stable up to 450°C as shown in Table 11,
wvhere the at. X Si and Au detected in the bulk of the
TiW by energy dispersive x~ray analysis i summarized.

TABLE 1I
Evaluation of the TiH(TiNl,Diffusion Barrier
up to 450 °C
Anneal Temperature at. X Si at. 2 Au
(100 hrs) Detected in TiW(TiN)
300°C ND ND
340 C 1.1 1.0
3507C 1.8 2.0
QOOOC 2.5 3.0
450°C 4.2 6.5

However, at 45000, the significant observation is that
Silicon was not observed in the Au overlayer this show-
ing the overall stability of TiW(TiN) as a diffusion
barrier.,

IzL Test Elements With Au-TiW Metallizations

As part of the Navy's High Temperature Electronics

a custom IZL metallization test mask set nus been pro-
cessed using the Au-TiW-PtSi system. The test mask
includes a number of differcnt test clements which arc
aimed at determining design constraints on ohmic con-
tacts, metal width and spacing. Also included are sym-

metrical cell 12L logic gates and ring oscillators. The
initial test results look promising in that 2 of 6 (8%)
of the oscillators failed within 275 hours. A total of
six ogscillators have now reached 580 hours with no
failures. These tests are continuing and additional
refinements to the metallization will be incorpcrated

in the IZL devices to be processed in the future,
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